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Critica’ity
Phzss Failura / Effect Descriptian Hazal Reference
S Yren nal detectable by SEIN, FPOY tailure mscls In [@ure o esleblish FFA ignilion or in excessive arebumer temperatuces. Wlselan ik
4.2 scrub  Loss of vehide due lo lurbine avertermperature or LOX-rich oparstlan may reseft if failare nal detecled. MEBZE
Redundancy Scraens. VALVE 3¥STEM - SENSDR SYSTEM: UNLIKE RECUMDAMCTY.
A Pass - Redundant haidwara items are capahle of Sheckaul during nommal ground furraaund.
B: Pass - Loss of a redundant hardware ams |5 detactable during flight,
€ Pass - Loss of radundant hardwrars itsmres poutd nat resull from a single cradio s evsant.
M Vihen delecled by SEN, ouk-ol-limit vedve position results in conlroifer endieh to channel §1; contrusation of failura moda results in hydraulic 1R o
4.1 Tochup of &l actualors, Mission abard may resull when hydrauic leckup oceurs durlng Mas O brolillng, ME-Bi#h,
KIE-BEM
Radundancy Screens: VALVE SYSTEM - SENSOR SYSTEM: UNLIKE REDUNDANGY
A Pass - Radundart hardware kams sre capable of chechout furing normal ground tumarnoand,
E; Pas3 - Loss of g redundent hardware itemas 1a delectabis durlng Maht,
C: Pace - Loea ol redundan] hardwara llame could net reswlt from a single credible event
Tl Wehen nat detectable by SEIN FROV failure causes engine shubdowen dua ta axcsedlng turbine dischage terperalure. Misskon abort, o 1R
3.2 ME-B2M,
Redundancy Screens: VALVE SYSTEM - SENSOR BYSTEM: UMLIKE REDUNDANEDY. MWE-BAM
A: Pass - Redundant hardware beens are capable of checkout durng noemal ground lumarcund,
B: Pass - Losx of a redundant hardwars ke b detestabla duning flight.
C: Pass - Loss of redurdant harhware tens could nat resuk frem a single credible event.
[ Qut-of-limits valve position results i conlrollar swlch o channel B, continwation of fallire mode rasults 0 prenmatic shutoown: HEETP 1
41 avarepead. Lot of vehicle. ME-D"& &

Redundansy Sareens SINGLE POINT FAILLRE: WA,
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Campenant Zraup: Propallant Yalves Preparad: F. Lowrimaore
CIL 1tmm: D130 Approved: T. Nguyan
Compormnt: Fuel Prebumer Oxldizar Valva Approval Dala: Eri0M00
Farl Numbar: RS00825T Chanpga #: 2
Fallura Mode: Fails [o move or moves slowly. Direcilve 4 CCBD ME3-0t-5334

Papge: 1o 1

Dezign f Dacumaal Refrence

FAILURE CAUSE: A: Seizura of FPOY shaftbearngs.

THE FROV (1), THRUST {2). AND SHAFT BEARINGS (3] ARE ROLLER BEARINGS. THEY ARE USED FOR THEIR FRICTION AND LOAD CAPACITY CHARACTERISTICS. THE ROLLERS AND
RACES ARE 440G (2) (3), WHICH WAS SELECTED FQR TS HARDNESS, STRENGTH, AMD CORROSION RESISTANGE (4}, THE ROLLERS ARE SEPARATED 8Y A BE-CU RETAINER (3 (3),
THE SHAFT BEARING RETAINERS ARE DRY-FILM LUBRICATED {4) TO REDUCE ROLLER-TO-RETAINER FRICTION (3). THE RETAINER PREVENTS ROLLER-TO-ROLLER CONTACT AND
MINIMIZES THE RCLLER RUBBING VELGCITY. THE RETAINER PREVENTS SEIZURE CAUSED BY ROLLER SKEWING. THE LOW ROTATIDNAL VELQCITY WITH [ESS THAN 00 DEGREES
TRAVEL PRECL UDES SEIZURE CAUSED BY WEAR OR SPALLING. THE VALVE COMPONENTS ARE CLEANED FRICR TO ASSEMBLY (5], THE VALVE 13 ASSEMBLED IN A
CONTAMINATION CONTROLLED AREA (6). THE GRIDIZER SUPPLY TQ THE ENGINE IS FILTERED T0 B00-MICRONS (7). BINDING OR SEIZURE OF THE FPOV \WILL BE DETECTED BY THE
AGTUATOR RVDT CONTROLLER MONITOR AND RESULT IN A VEHICLE COMMANDED SHUTDIOWHN (B). THE MOMTOR SYSTEM 15 COMPRISED DF REDUNDANT SENSOR ELECTRONICE
REOUNDANT HARNESS, AND REDUNDANT CONMTROLLER CHAMNELS, )

{1y NSMB25T, (2] RES1032; (3) RESI02T, () RSS-85EY, {5 RL1000M; (&) ROQOT11-640; (V) ICD 12M15000; (B} CPancRecds PT 12,2 3:6.1

FAILURE CAUSE: B: Broken shatt or coupling.

THE 3 PIEGE COUPLING TRANSFERS TORDUE FROM THE ACTUATOR TO THE FFGV SHAFT (1}(2). THE COLPLING PREVENTS SIDE LOADS CAUSED AY ACTUATORWALYE
CENTERLINE LNSALIGNMENT. THE SHAFT, UPPER, AND LOWER COUPLINGE [3) ARE INCONEL 718 WHICH WAS CHOSCN FOR 115 CRYOGEMIC STRENGTH DUCTILITY ANG
CORROSIDN RESISTANCE (). THE INTERMEDIATE COUPLING (5] IS HEAT TREATED NITRIDING STEEL THIS PROVIDES CORE STRENGTH AND DUCTILITY TO TRANSMIT TOROUE
AND SURFACE HARDNESS TO RESIST WEAR (4). THE INTERMEDIATE COUFLING 1S DRY-FILM LUBRICATED TG REDUCE FRICTICH AND WEAR (5],

(1) RSGAZGT: (2] REQ0E26Z, (3) RIO0OBATE; (4) RES-B5BZ [3) REOAIZD

FAILURE CAUSE: ALL CAU3ES

HIGH CYCLE AND LOW CYCLE FATIGUE AS WELL AS MINIMIIM FACTORS OF SAFETY FOR THE FUEL PREBURNER CKIDIZER VALVE MEET CEIREQUIREMENTS (17 THE FT'OY WAS
GLEARED FOR FRACTURE MECHANICS/NDE FLAW GROWTH. SINCE IT CONTAINS MD FRACTURE CRITICAL PARTS (2). THE FUEL PREBURNER OXIDIZER VALVE SUCCESSFULLY
COMPLETED DVS TEST REAUIREMENTS {3), INCLUDING EMDURANCE (4). AND VIBRATIN (S).

(1) REpOES2, CPIMROO0ZE RIZFH346 () NADA TASK 117, (31 DWS-B5ME-315; (4) RE5-515-17; {5) RT5-515-24
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Failure Causes

Sigmeficant Charaglernishics

Inspecdion (2) S Tasts)

Document Asference

FPE OXINZER VALVE

SHAFT
SHAFT BEARING
THRUST BEARING

MATERIAL IMTEGRITY

LUBRICATION

ASSEMBLY INTEGRITY

MATCRIAL INTEGRITY IS VERIFIEDR PER DRAWING REQLIREMENTS,

HEAT TREAT IS VERIFIED FER DRAWING REQUIREMENTS
DRY-FILM COATING OF SHAFT BEARINGS |15 VERIFIED PEF. DRAWIMG REQUIREMENTS,

ggg.llg(} ASBEMBLY AMD FLMCTICMAL TEST QOF THE I'PB QOXIDZER YALVE TOROUE ACTUATION 1S
ED.

VALVE IS ACTUATED AND RESPONSE TIME IS VERIFIED DURING SONTROLLER FLIGHT READINESS
CHECKQUT AND DURING ACTUATOR CHECHOUT.

WALVE IS ACTUATED 10 TIMES DURING HYORAULIC GCONDITIONING. [LAST TEST)

ALL CALSES

SHAFT
COUPLING
SEIDER

MATERIAL INTESRITY

LUBRICATION

FFB OXIDIZER WAL\ E
ASSEMBLY INTEGRITY

HOT-FIRF A CEPTANTE
TESTIMG {GREEN RUN}

MATERIAL INTEGRITY I3 VERIFIED PER. DRAWING REGUIRERENTS,
HEAT TREAT I3 YERIFIED PER DRAVUING RECUIREMENTS
MACHINED PARTS ARE FENETRANT IMSPECTED PER DRAVIRG REQUIREMENTS.

DRY-FILM LUBRICATION |3 YERIFIES PER DRAWING REQUIRENENTS.

FINISHED PARTS ARE VERIFIED GLEAN PER SPECIFICAT IUM REQUIREMENTS,
VALVE 15 ASSEMBLED N A CONTAMIMATICN CONTRALLED ARCA.

VALVE 13 A5SERBLED AND FUNCTIOMALLY 1ESTED PER SPECIFICATION.
WALVE QPERATION IS VERIFIED THROUSH HOT-FIRE ACCEPTANCE TESTING

WALVE |5 RE-TESTED WHENEVER VALVE OR ACTUATINR S CHANGED OR FROY OUTLET FLANS
FASTEHERS ARE LOOSENED :

RECB25F
RaI0A257
RES102T
RES510332

RS0DE262
REET0Z7
RES1432

RES1027
RLO0AT2

DMRSD V41880 020
OMRED V41AZ0.010

DMRSD S00F 43,711

RG00a262
FE0O8I1E
R50003:E0

RE5I8252
R5J06320

REO0BZ20

IiEL‘JDEE:S-? -
PL1 D001
RGO 11-800
RLOGAT2
HLOO4R1

CMR SO V1340159
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CIL Item: 0130-82 Agproved: T. Mguyer.
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Fabure Higtory:
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Comptehenawe fallure history data is maknkalned in the Prabiem Reporing database (PRAMSIPRACA)

Rafarenca: MASS latter 5421/88/308 and Rockeldyna lettar BARCGETE 1.

FAILLURE MODE CAN BE DETECTELD M REALTIME BY THE FLIGHT CONTROL TEAM WHOWILL EVALLMTE EFFECTS UFON VEHICLE PERFOAMAMNCE AND AECST
CAPARKLITY. BASED O THIS EVALUATION THE AFFROPRIATE ABCRT MOOE OR SYSTEM CONFIGURATION YWILL BE SELECTED, FSILURE DETECT QN CUES ARD
ASEOCIATED SSME FERFORMANCE DATA HAVE BEEN COORDINATED BETWEEN THE ENGINEERING AND FLIGHT OFERATIONS SRGANIZATIONS WITH THE
RESPONMSES DOGUMENTED IMMHSSION FLIGHT RULES.
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Propellant Walves Prapared: P. Lewrlmare
CIL llem: D1 Approved: T. Nguyen
Compenent: Fuel Praburner Oxldizer Yalva Approval Dale: B30/
Port Number: RESQ0E25T Change #: 1
Hrectiva ¥: CCHD MES-)-5226
Papgs: 1of 1
Sriliezal Irilig]
Root  Flaw Siza Mot
Slde Hat  Detectank
Compa nemt Basic Part Mumber Weld Numbar Wexf Type  Clags Access HCF LCF Commants
BELLOWS RECD230 34 GTAM 1l X .'-'C
BELLOWIS REQ22D T GTAVY |
SHAFT R3008252 1.2 ERY 1l X X
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